Introduction
Large quantities of seafoods are consumed daily throughout the world, so it is almost inevitable that food poisoning should sometimes occur. The nature and extent of such illness, however, varies with geographical location, and accurate information about incidence and epidemiology is sometimes difficult to obtain. Apart from allergy, food poisoning from marine products includes illness caused by bacterial, viral and parasitic pathogens. It also includes poisoning by some naturally toxic fish species or from toxins produced by certain micro-organisms as well as from chemical pollution of the marine environment. Investigations can thus involve several different disciplines, but they depend primarily on clinical awareness and recognition that seafoods, whether home produced or imported, may be implicated in illness. Some of the more important microbiological hazards from sea products, previously collated by Barrow (1973a) and shown in Table 1 , are reviewed in this paper.
Parasites
Except for parasites, there are no diseases of fish, so far as known, that affect man. Human infection with Diphyllobothrium latum, Clonorchis sinensis, Paragonimus species and other parasites occur throughout the world. These, however, are associated with the consumption of raw or under-cooked freshwater fish, crustacea or molluscs, which act as intermediate hosts for one or other of the complex lifecycles of the parasites.
Parasites of sea-fish, such as the cod worm, fortunately do not represent a health hazard. Indeed, Anisakis species are virtually the only parasites from seafoods which affect man. Infective larvae occur in sea-fish such as cod and herring, and the adult ascarid-like worms develop in fish-eating marine animals and sea-birds. In man, the larvae do not develop into adult worms, but penetrate the intestinal wall, ultimately producing visceral granulomata (Thiel, Kuipers and Roskam, 1960; Ashby, Appleton and Dawson, 1964) . Disease in man is thus associated with the consumption of infected raw, smoked or pickled fish, and this depends on local eating habits in different countries.
Fish toxicity
Illness, varying from gastro-enteritis to neurological disturbances, both motor and sensory, may be due to primary or natural toxicity of fish tissues themselves. This mostly occurs in the Pacific, the Tropics and the Far East from exotic fish dishes such as sea anemones, sea urchins, squid, octopus and fish eggs. The nature of the toxic factors concerned are mostly undetermined, but they are probably similar to that of the deadly puffer fish (Arothron hispidus) and related species of Tetraodontidae (Scott, 1969) . Despite their inherent toxicity, these species are still regarded as great delicacies in the Pacific and Far East. Their water-soluble toxins are seasonally present, especially in the liver and ovaries, hence the importance attached to correct evisceration. The puffer fish toxin has been chemically defined and is referred to as tetrodotoxin, (TTX) or 'fugu" poison. It is quickly absorbed from the gastrointestinal tract and rapidly affects the neuromuscular system, probably by interference with action potentials (Evans, 1969) . Such toxins cannot be neutralized, and treatment depends on artificial respiration and stimulation of renal output. A similar kind of neuromuscular poisoning, referred to as Ciguatera, is caused by the consumption of various fish species ecologically associated with coral reefs. This is a secondary type of poisoning, as the toxins concerned are probably formed initially by marine algae and pass through a food chain from small herbivorous fish to the larger carnivorous fish caught by man. Secondary toxicity may also occur in scombroid fish owing to the formation of saurinelike toxins from certain amino-acids by bacterial action. Scombroid fish include tuna and mackerel, which should be eaten fresh unless they are commercially frozen or canned. Ciguatera and other similar kinds of fish toxicity are not only of public health but of considerable economic importance, especially in the development of fish farming in tropical countries. Ciguaterine toxicity varies with time and location; indeed fish which are toxic in one region may well be eaten safely elsewhere (Halstead, 1962) .
The epidemiology of fish toxicity, whether primary or secondary, is essentially limited in character and again depends on local customs and eating habits.
Botulism type E Botulism in man occurs sporadically, and is almost always associated with food kept after inadequate heating or preservation, and eaten either cold or with minimal cooking. Clinically, gastroenteritis usually occurs after 12-36 hr, followed by muscular inco-ordination and paralysis-often fatal. The various known types of Clostridium botulinum each produce antigenically different exotoxins, which are water-soluble, heat-sensitive, acid-stable and highly neurotoxic. They probably act by interfering with the synthesis or release of acetyl-choline at nerve endings (Heyningen and Arseculeratne, 1964) , and specific antitoxin, given early in the illness, is essential in treatment.
In the past, Cl. botulinum type E has been particularly associated with seafoods-so much so that it was thought to be a marine organism. However, this was probably a measure of the survival capacity of its spores in the marine environment. Cl. botulinum is of particular concern to the fish industry because it can multiply slowly and produce its toxin at temperatures as low as 4°C. Epidemiologically, the incidence of botulism due to the different antigenic types of toxin varies from place to place, but again depends largely on local customs and eating habits. Thus, type E botulism occurs mainly in countries where uncooked, smoked or semi-preserved seafoods are traditionally eaten (Sakaguchi, 1969) . Elsewhere current marketing practices, including vacuum and other anaerobic packaging methods for fish, do present some problems (Lawson, 1970) . although the actual hazards are probably remote,
Dinoflagellate toxicity
Outbreaks of paralytic or neuromuscular poisoning from seafoods are probably more often associated with shellfish, and are due indirectly to the production of toxins by dinoflagellates and other photosynthesizing marine micro-organisms. These constitute the 'grass of the sea', and almost all marine life ultimately depends on them for food. They multiply normally about once a day, but with warmth and long hours of daylight, population explosions occur which result in the accumulation of vast numbers of these organisms at the surface of the sea. These form extensive 'blooms' which vary in colour and are often luminescent. The so-called 'red-tides' are well known in warm and tropical waters, but blooms do sometimes occur in more temperate seas (Rounsefell and Nelson, 1966) .
These unicellular micro-organisms are much larger than bacteria, and during metabolism some species, including Gonyaulax, Gymnodinium, Pyrodinium and other dinoflagellates, produce potent heat and acid-stable toxins which affect only vertebrate animals, including fish. Dead fish, however, present little risk to man because they are not harvested; but invertebrate species, especially filter-feeding shellfish are particularly dangerous because they ingest dinoflagellates and are able to accumulate the toxins in their tissues without harm to themselves. The actual toxins vary with different dinoflagellates, but their mode of action and characteristics are probably similar to those of saxitoxin (SXT) produced by the butter clam, Saxodonus giganteus. This toxin is readily absorbed by the gut and, like tetrodotoxin, acts rapidly on the neuromuscular system, probably by interference with action potentials (Evans, 1969) . They are not antigenic, and unlike botulinum toxins, effective antidotes are not available; treatment is therefore symptomatic, with stimulation of urinary output.
To affect man, dinoflagellate blooms must occur in the shallow waters inhabited by shellfish, and the influence of wind and tide is therefore important. In certain areas, including North and Central America, Portugal and Scandinavia where blooms often occur, the presence of toxins in shellfish is monitored by their lethal effect on mice. When critical levels are detected, the harvesting and sale of shellfish are prohibited until safe; it should be remembered, however, that not all shellfish necessarily pass through commercial channels. In Britain, the first outbreak of paralytic shellfish poisoning for some considerable time occurred in the summer of 1968 on the North East coast (McCollum et al., 1968) . It was associated with mussels, and at least seventy-eight cases were reported, mostly mild, probably because significant amounts of the water-soluble toxin were discarded with the water used for cooking.
Infection from seafoods
As with other foods, sea-products may be contaminated with various micro-organisms during processing: the poorer the hygiene, the greater the risks. Excluding known pathogens, such as salmonellae, many other organisms may contribute to illness, either individually or collectively, especially when present in large numbers (Pilsworth, 1952) . In Britain, little infection has been attributed to marine foods other than filter-feeding shellfish. These concentrate microscopic particles, including bacteria, from the large volume of water passed through their gills, subsequently conveying this food by ciliary action to the gut. Most shellfish are usually cooked before consumption, and the risk of bacterial or viral infections from them because of sewage pollution is small, although they may, as with other fish, mechanically introduce pathogens into kitchens, where subsequent cross-infection of other foods may occur. Some shellfish, particularly oysters and sometimes mussels are, however, normally sold alive and eaten raw, and are thus potentially hazardous, although the use of purification plants or relaying in sewagefree waters, coupled with bacteriological examination, have done much to ensure clean supplies (Wood, 1969) . Historically, the association of typhoid fever with uncooked shellfish is well known, and occasional outbreaks still occur in other countries, although paratyphoid is unusual. In heavily polluted coastal waters, fish eaten raw or undercooked may also cause infection, and cholera outbreaks in the Philippines and the Far East have been attributed to such sources, although the evidence is doubtful. It has also been suggested that fish may act as reservoirs of infection and thus help to maintain the endemicity of cholera in such areas (Pollitzer, 1959) . More recently, however, mussels have been implicated in the spread of cholera in Italy, thus emphasizing the role of the sewage-fish-man cycle.
Raw shellfish from sewage-polluted waters have also been responsible for outbreaks of viral hepatitis (Roos, 1956; Mason and McLean, 1964) . Similarly, other viruses, including those causing 'summer diarrhoea-winter vomiting' epidemic disease (Clarke et al., 1972) , endemic in the local population from time to time must inevitably be involved (Dismukes et a!., 1969) , and they probably account for many of the sporadic cases of gastro-enteritis of 'unknown aetiology' which do occur, and about which much more information is needed.
Vibrio parahaemolyticus
As yet, this is the only true marine bacterium known to cause food poisoning in man. It was first isolated in 1951 in Japan, where it is now recognized as the commonest cause of food poisoning in summer because of the large amount of sea products consumed (Sakazaki, Iwanami and Fukumi, 1963 (Barrow, 1973b) .
Clinically, illness caused by V. parahaemolyticus is usually acute gastro-enteritis of sudden onset, and in contrast to the effortless vomiting and painless diarrhoea of classical cholera, it is accompanied by severe abdominal pain. The incubation period ranges from 2-48 hr, depending on the infecting dose and the nature of the food. It is an infection in that the organisms multiply rapidly in the gut, possibly producing a cholera-like enterotoxin (Craig, 1972) (Sakazaki, 1969) . Whatever methods are used, any Gram-negative organisms which are motile, oxidase-and catalase-positive and sensitive to methylene blue and vibriostatic agent 0/129* should be regarded as vibrios and further identified (Barrow, 1972) . If this was done as a routine, infection with non-cholera vibrios, including V. par-ahaemolyticus, might be recognized more often. Whether sucrose-fermenting or not, non-cholera or non-agglutinating vibrios, so-called because they do not agglutinate with V. cholerae 0 antiserum, are now receiving more attention as pathogens (Zafari * 2, (1) without added NaCl (2) with 6% NaCl + ± + (3) with 8% NaCl + + (4) with 10O NaCl Growth in 1% trypticase (BBL) peptone water with 2% NaCl at 42-430C overnight + ± ± Acid without gas from glucose anaerobically in Hugh and Leifson's oxidation-fermentation test + Voges-Proskauer test in semi-solid medium Indole production -H2S production Lysine decarboxylase + Arginine dihydrolase Gelatin + Nitrate + Except where stated, these tests are performed with media containing 3% NaCl. et al., 1973); indeed, an outbreak of gastro-enteritis among airline passengers due to such organisms has recently been reported (British Medical Journal, 1973) . The essential characteristics of V. parahaemolyticus and its differentiation from other vibrios are shown in Tables 2 and 3. Like Escherichia coli and salmonellae, strains of V. parahaemolyticus can be differentiated serologically into different types by agglutination tests with specific O and K antisera. Whatever the serotype, however, most strains isolated from patients are able to produce 3 lysis of human blood in Wagatsuma agar medium, whereas strains isolated from seafoods are usually unable to do so, even when the food is incriminated on epidemiological grounds with illness. This test is referred to as the Kanagawa reaction, from the district in Japan where it was first described (Miyamoto et al., 1969) . As yet, there is no satisfactory explanation for these findings, although they accord with the results of limited feeding tests on human volunteers in which only Kanagawa-positive strains induced illness (Sakazaki et al., 1968) . Although much work has been done on the nature of the haemolysins concerned in the Kanagawa reaction, the haemolytic factors are probably not responsible for virulence, but antibody production does occur. Multiple serotypes are, however, invariably present in seafoods (Zen-Yoji et al., 1970) , and if sufficient colonies from primary cultures are tested, Kanagawa-positive strains can usually be detected among the many negative strains (Barrow and Miller, 1973) .
The infective dose needed to cause illness is probably fairly large, but as V. parahaemolyticus can multiply rapidly at room temperature, only a short time is needed to produce large numbers of organisms. There is little evidence of spread of infection from one person to another, and contamination of cooked foods from raw sea-products is therefore probably much more important. Since infection is usually associated with seafoods-some more than others-the growth of V. parahaemolyticus was examined in tryptic digest broths prepared from various fish and crustacea (Barrow and Miller, 1973) . Oyster broth, unexpectedly, supported little growth. Prawn and crab broth, however, gave luxuriant growth compared with ordinary meat broth, yielding 108_109 viable organisms/ml after incubation overnight at 37°C (Fig. 1) . In view of these findings, prawn broth at pH 6-0 was inoculated with approximately equal numbers of Kanagawa positive and negative strains. In order to simulate roughly conditions in the human gut after eating the seafoods, the pH was adjusted to 8 0 after 1 hr at 37°C. As shown in Fig. 2 there was an initial decrease in the numbers of both organisms, but within 3-6 hr the Kanagawa-positive organisms exceeded, and within 12 hr had greatly outnumbered the Kanagawanegative strain. It is tempting to speculate that this may occur naturally in the gut. If it does, it would explain why, despite occasional exceptions, the Kanagawa reaction does seem to distinguish the more virulent from less virulent strains. The presence of V. parahaemolyticus has now been confirmed in British coastal waters and seafoods (Barrow and Miller, 1972) . Infection with this organism has also been recognized in Britain, not only among airline passengers and crew returning from abroad (Peffers et al., 1973) , but also among persons at a local holiday resort (Hooper, Barrow and McNab, 1974) . In almost every instance, seafoods were the suspected vehicle of infection (Table 4) . V. parahaemolyticus may be imported not only by travellers but also commercially in seafoods. Such imports often contain large numbers of bacteria, especially the ubiquitous marine organism V. alginolyticus. In cooked products, the presence of such organisms clearly indicates poor hygiene during processing. Since these organisms are fully sensitive to heat, they could well be used as indicator organisms in processing and production control (Barrow and Miller, 1969) . At present, however, there is no evidence to suggest that imported cooked seaproducts in fact represent a significant health hazard in Britain. Although it is important to improve hygienic standards, it is equally important not to condemn otherwise good food without sound cause, and more work on this interesting organism is needed by all concerned-clinicians, epidemiologists, and both medical and food microbiologists.
Outlook
The microbiological hazards from marine products vary with geography, season and the food concerned. In Britain they are not great, but in some parts of the world they are of considerable economic as well as public health significance. The importance of local culinary customs and eating habits is a recurring theme throughout this review, and it cannot be emphasized too strongly that if people choose to eat raw, smoked or undercooked foods, they expose themselves, whether knowingly or not, to certain unnecessary risks. Safety ultimately depends, not so much on arbitrary microbiological standards, but on hygienic production, correct storage and good distribution, coupled with education in intelligent eating habits. Finally, with the current importance attached to the development of fish farming throughout the world, there must be greater control of marine environmental pollution, both chemical and microbiological. in the future. parahaemolyticus special reference to Vibrio hazards from seafoods with
